Eating disorders comorbid with depression are an established risk factor for suicide. In this study, we aimed to determine the effects of binge eating (BE) symptoms on suicidality and related clinical characteristics in major depressive disorder (MDD). A total of 817 community participants with MDD were included. We compared two groups (with and without lifetime BE symptoms). The MDD with BE group was subdivided into a frequent BE (FBE) subgroup (BE symptoms greater than twice weekly) and any BE (ABE) subgroup (BE symptoms greater than twice weekly). The MDD with BE group comprised 142 (17.38%) patients. The FBE and ABE subgroups comprised 75 (9.18%) and 67 (8.20%) patients, respectively. Comorbid alcohol use disorder, anxiety disorder, post-traumatic stress disorder (PTSD) and history of suicide attempt were significantly more frequent in the MDD with BE group than MDD without BE group. Sexual trauma was also reported more frequently in MDD with BE group. No significant differences were observed between the ABE and FBE subgroups. Multivariate logistic regression revealed an association of suicide attempt with BE symptoms and sexual trauma. Structural equation modeling showed that sexual trauma increased BE (β = 0.337, P <0.001) together with alcohol use (β = 0.185, P <0.001) and anxiety (β = 0.299, p<0.001), which in turn increased suicide attempt (β = 0.087, p = 0.011). BE symptoms were associated with suicide attempt in MDD after adjusting for other factors associated with suicidality. BE symptoms also moderated an association between suicide attempt and sexual trauma.
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Introduction
Depression is one of the strongest risk factors for suicide. However, which aspects of depression specifically increase suicide risk remain unclear. Depression is a heterogeneous condition with various clinical characteristics that can independently increase suicide risk. Comorbid psychiatric conditions may also contribute to suicide risk [1] [2] [3] . In addition, co-existing psychiatric symptoms that do not meet the full Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria for comorbid conditions may also increase suicide risk.
Disordered eating symptoms are among the widely reported and easily observable psychiatric symptoms in depression. Emotional eating [4] is a well-known phenomenon frequently observed in depression. Binge eating (BE) symptoms are associated with depression and impulsivity [5] . Eating disorders including anorexia nervosa, bulimia nervosa, and BE disorder are known risk factors for suicide [6, 7] . However, it is unclear if individual disordered eating symptoms, especially those of BE, are also individually associated with suicidality in MDD.
In this study, we used an epidemiological data set to determine the possible association of dysfunctional eating behavior (i.e., BE behavior) with clinical characteristics and suicidality in patients with MDD. We hypothesized that the presence of BE symptoms would be associated with greater frequency of suicidality.
Materials and methods

Data sources, data collection, and study sample
Data were extracted from a nationwide epidemiological study of Korean adults, the Korean Epidemiologic Catchment Area Study Replication (KECA-R) and Korean Epidemiologic Catchment Area Study 2011 (KECA-2011). Details about the study procedure are described elsewhere [8] [9] [10] . In brief, KECA aimed to estimate the prevalence of the DSM-IV psychiatric disorders in the Korean population. Subjects were selected by a multi-stage, cluster sampling of 7,867 adult household residents in 12 catchment areas. One adult who was 18 years or older per selected household was chosen at random, and face-to-face interviews were conducted using the Korean version of Composite International Diagnostic Interview (K-CIDI) [11] . KECA-R was conducted from July 2006 to April 2007 and KECA-2011 was conducted from July to September 2011. Both studies had independent study samples with the same study design. A total of 12,532 adults were included in the two cohorts (overall response rate 80.2%). The institutional review board of Seoul National University College of Medicine approved this study. All subjects were fully informed about the aims and methods of the study prior to completing the interview, and informed consent was obtained prior to participation. Of all subjects, 823 were assessed as having a lifetime history of MDD. These individuals were included in the present study.
Measures
Assessment of DSM-IV disorders. DSM-IV diagnoses were based on the K-CIDI [12] , a fully structured diagnostic interview designed to make psychiatric diagnoses [13] . K-CIDI has been validated [11] according to World Health Organization guidelines [14] . Furthermore, clinical diagnosis with blind clinical re-interviews, using the Structured Clinical Interview for the DSM-IV (SCID), showed modest concordance with the K-CIDI diagnoses (κ values between 0.50 and 1.00) [15] . Depression symptomatology and psychiatric comorbid conditions were evaluated using the results of the K-CIDI interviews.
Assessment of BE symptoms. The eating disorder section of the K-CIDI was used to evaluate lifetime history of BE symptoms independent from depression. Since our aim was to determine the effect of BE symptoms that did not meet the full DSM criteria for eating disorder on suicidality, we excluded those who met the criteria for eating disorder (n = 6) in the analyses. Those who reported BE symptoms more than twice a week were classified in the frequent binge eating (FBE) group. Those who reported experiencing BE symptoms less frequently were classified in the any binge eating (ABE) group. In evaluating BE, interviewers explicitly asked using following question: "Have you ever eaten abnormally large amounts of food within a short period of time? In other words, have you ever engaged in BE?" If the response was yes, the interviewers inquired further about the types of food and the amounts eaten. Only in cases where the types and amount of food met the general concept of BE symptoms was the response coded as 'yes'; these individuals comprised the MDD with BE group. Subjects who had responded 'yes' were also asked the question: "Have you ever experienced such kind of BE more than twice per week?" Those who said yes to this question were classified in the FBE group.
Assessment of lifetime suicide attempt. Interviewers asked all subjects about suicidal ideation, plans, and attempts in a standard and consistent way [12, 14] using the following explicit questions:
• "Have you ever seriously thought about committing suicide?", for suicidal ideation
• "Have you ever made a plan for committing suicide?", for suicidal planning
• "Have you ever attempted suicide?", for suicide attempt
The participants responded 'yes' or 'no'; those responding 'yes' were asked their age at the first suicide attempt and the number of lifetime suicide attempts. The questions showed strong validity between psychiatrists and interviewers of this study, as well as inter-rater and testretest reliability with kappa values between 0.74 and 1.00 and 0.84 for MDD in a preliminary study for the KECA-R [16] .
Statistical analyses
Considering the exploratory nature of this study, statistical significance was evaluated using a two-sided design with alpha set a priori at 0.01. Chi-square test was performed to compare rate of categorical variables between MDD with and without BE symptoms. Analyses of covariance (ANCOVA) were conducted to compare continuous variables between two after controlling for age, sex, and income. Multinomial logistic regression models were used to compare the detailed depression symptomatology and clinical characteristics between three groups. Age, sex, and income were applied as covariates. We additionally performed logistic regression analyses to assess whether BE symptom was associated with elevated risk of lifetime suicide attempt after adjusting for all other co-occurring clinical characteristics. All analyses were performed with SPSS 24.0 (SPSS, Chicago, IL).
Results
Among 823 subjects with MDD, comorbid eating disorder was reported in six, who were excluded, leaving 817 subjects. Among them, 142 (17.38%) reported experiencing at least one BE symptom. Among these, 75 (8.20%) reported FBE symptoms, with the remaining 67 (9.18%) reporting ABE symptoms. Table 1 provides the sociodemographic characteristics of the subjects. The MDD wit BE group were younger than the MDD without BE group. The age at onset of depression was younger in the MDD with BE group.
Depressive symptomatology and psychiatric comorbid conditions associated with BE symptoms Table 2 presents the differences in depressive symptomatology and clinical characteristics between the MDD with FBE, MDD with ABE, and MDD without BE groups. The MDD with FBE group reported increased appetite and weight gain more frequently than the MDD without BE group during depressive episodes. No other significant differences were observed in other depression symptomatology, including hypersomnia or psychomotor symptoms (i.e., psychomotor agitation and retardation). As for comorbid psychiatric conditions, the MDD with ABE and MDD with FBE groups both reported anxiety disorders more frequently. The MDD with FBE group reported more frequent post-traumatic stress disorder (PTSD) than other groups. Significant differences were observed in terms of rate of suicide attempt history between three groups; the MDD with ABE group had higher rates of suicide attempts compared to MDD without BE group (post-hoc P = 0.001), and the MDD with FBE showed a trend of experiencing suicide attempts more frequently compared to MDD without BE group (post-hoc P = 0.037).
Trauma experience
The MDD with FBE group had PTSD more frequently than the MDD without BE group. Trauma experience has been suggested as a risk factor for obesity [17] . We hypothesized that trauma experience might contribute to experience of BE symptoms. The PTSD section of K-CIDI was used to evaluate lifetime traumatic events and DSM-IV PTSD criteria from A to F. For the beginning of the section, respondents were asked about traumatic events and experiences. They were handed cards on which were listed 11 kinds of trauma including 'military combat', 'life-threatening accidents', 'natural disaster', 'witnessed someone being killed or seriously injured', 'rape', 'sexual assault', 'badly beaten', 'threatened with a weapon', 'held captive, kidnapped, tortured and terrorism', 'any other extremely stressful or upsetting event', and 'learning about trauma to others'. If 'any other extremely stressful or upsetting event' and 'learning about trauma to others' were related to bereavement, chronic illness, business loss, or marital or family conflict, they were not regarded as traumatic events. If the subjects indicated experiencing any of these traumatic events, the interviewers continued the PTSD section. After adjusting for age, sex, and income, the MDD with BE group reported experiencing any trauma more often compared to the MDD without BE group (Table 3 ). The MDD with FBE and MDD with ABE groups experienced both early trauma (trauma experienced at <18 years of age) and adult trauma (>18 years of age) more frequently than the MDD without BE group. In particular, the MDD with BE group had more frequent sexual trauma compared to the MDD without BE group.
Suicidality and sexual trauma, BE symptoms
Logistic regression analyses were carried out to evaluate the role of BE symptoms on experience of suicide attempt (Table 4) . Considering sexual trauma was associated with both suicide attempt and BE symptoms, we added an interaction term between BE symptoms and sexual trauma experience as a covariate as well as comorbid anxiety disorder and alcohol use disorders. When the group memberships were entered as independent variables, model χ 2 was 61.66 (df = 11, P <0.001). Using this model, 83.3% of the subjects were classified correctly with regard to suicide attempts. Comorbid anxiety disorder and comorbid alcohol use disorder were significantly associated with suicide attempt. BE symptoms and sexual trauma were associated with suicide attempts although the association did not reach statistical significance (BE: p = 0.028; ABE Odds Ratio [OR] 2.68, 95% Confidence Interval [CI] = 1.29-5.58, P = 0.008; FBE symptom OR = 1.40, 95% CI-0.64-3.07, P = 0.397; sexual trauma: OR = 3.06, 95% CI = 1.27-7.41, P = 0.013). We also performed the binary logistic regression analysis using MDD with and without BE group memberships as independent variables. Model χ 2 was 59.95 (df = 9, P <0.001). Using this model, 84.3% of the subjects were classified correctly. Similar to the prior logistic regression model, sexual trauma and BE symptoms showed associations with the suicide attempt without reaching the statistical significance (BE symptom: OR 1.95, 95% CI = 1.10-3.45, p = 0.022; sexual trauma: OR 3.06, 95% CI = 1.27-7.41, P = 0.013). 
Structural equation modeling (SEM) to determine the causal relationship between sexual trauma, BE symptoms, and suicide attempt
To infer the relationship between sexual trauma and other variables, we conducted a path analysis, a special case of structural equation modeling that has been popularly used for causal inference in various fields [18, 19] . All analyses were executed by the Lavvan package in R 3.3.2 statistical software [20] . SEM provided good fit to the data (χ 2 = 5.689, df = 1, P = 0.0017, CFI = 0.97, NFI = 0.97, RMSEA = 0.08). In this model, sexual trauma was associated with alcohol use (β = 0.185, P <0.001), BE symptoms (β = 0.337, P <0.001), anxiety (β = 0.299, p<0.001), and suicide attempt (β = 0.151, P = 0.003). BE symptoms were positively associated with suicide attempt (β = 0.087, p = 0.011). BE symptoms and anxiety showed bidirectional association with each other (β = 0.018, p = 0.003) (Fig 1) .
Discussion
This study examined the relationship between BE symptoms and suicidality in patients with MDD. BE symptoms were associated with increased suicide attempts in patients with MDD and showed significant associations with suicide attempts even after adjusting for psychiatric comorbid conditions and trauma history. BE symptoms were not uncommon in MDD; 17.38% of our subjects experienced BE symptoms, with 9.18% experiencing FBE. On the contrary, only 0.7% (six subjects) had comorbid eating disorders (anorexia nervosa or bulimia nervosa). The findings are consistent with recent studies that showed individuals with depression frequently experience disordered eating symptoms that do not fulfill the DSM criteria for anorexia nervosa or bulimia nervosa [21, 22] . Although BE behavior did not meet the full DSM criteria for eating disorder, it might represent underlying traits that raise suicide risk. In line with our findings, DSM-5 [23] newly includes binge eating disorder as an eating disorder subcategory. Individuals with binge eating disorder experience binge eating frequently without compensatory behavior. In a recent epidemiological study conducted in the United States, binge eating disorder was more common (lifetime prevalence 2.3%) than anorexia nervosa or bulimia nervosa, and was associated with various psychiatric comorbid conditions [24] .
Although BE symptoms were not evaluated in association with depressive episodes, the MDD with BE group experienced increased appetite and weight gain more frequently during depression than the MDD without BE group. Previous studies also reported that atypical depression frequently co-occurs with bulimia nervosa [25, 26] . Atypical depression is usually associated with early age of onset, mood reactivity, which corroborates the findings of our study that the MDD with BE group were younger and had earlier age of onset. But, the MDD with BE group in our study did not show increased sleep more frequently than the MDD without BE group.
We additionally found that BE symptoms were associated with sexual trauma experience in MDD. Previous studies showed childhood trauma increases the risk of developing eating disorder by alterations in brain reward/ motivation pathways [27] . In particular, sexual trauma has been reported to increase the risk of BE/purging symptoms [28, 29] . The MDD with BE group showed higher rates of trauma regardless of the age of experience. People experiencing trauma engage in tension reduction behaviors to manage the after effects, the intensity of emotions, or the distressing aspects of the traumatic experience [30] . BE may be used to sooth, numb, or distract from the traumatic memory in the context of emotional eating in case of trauma experience [31] . In evaluating subjects with BE, trauma experience needs to be thoroughly examined.
Multivariate logistic regression analysis revealed that suicide attempts were associated with BE symptoms after adjusting for age, gender, income, and comorbidities, although the association did not reach the statistical significance (P = 0.022). It is notable that the MDD with FBE group did not show increased risk of suicide attempts compared to the MDD with ABE group. In terms of clinical characteristics including psychiatric comorbidity, no significant difference was detected between the MDD with ABE group and the MDD with FBE group. This finding might indicate that the frequency of BE symptoms did not differentiate the underlying traits associated with suicide attempt.
SEM showed sexual trauma increased BE symptoms and associated comorbid psychopathology, which eventually increased suicide risk in MDD. As previously discussed, BE may be used to sooth or numb oneself after a traumatic experience. At the same time, BE may reflect underlying affect dysregulation [32] and impulsivity [33, 34] . Biologically, it also might alternate tryptophan and serotonin [35] and lipid metabolism [36] , which eventually may increase suicide risk.
The findings in this study should be interpreted in the context of how the study is designed. First, the CIDI interview was conducted by trained interviewers, who were not medical professionals. But, the validity and reliability of DSM-based diagnoses in the KECA, was fairly acceptable. Second, although loss of control was the essential part of the BE, it was not directly evaluated. However, the BE item in the CIDI has been widely used in previous studies [37] [38] [39] [40] .
A subjective loss of control is difficult to be evaluated and to be differentiated from the overeating [41] . Considering CIDI rather underdiagnosed eating disorder than overdiagnosed it [42] , the BE defined in our study is less likely to be overestimated. Third, we did not evaluate detailed precipitating or associated factors of the BE experience. The BE can be associated with other behavioral changes such as stressful event or sleep deprivation [43] . We also did not evaluate how long the BE symptoms might persist, or how they might be temporally associated with depressed mood. We also cannot conclude any causal relationship from our study findings. As in a previous study conducted [44] , suicide attempt might occur before BE symptoms. But BE tends to be a behavioral trait that persists [4] . Fourth, this study was conducted with a Korean population. Since depression symptomatology varies across ethnic groups and cultural background, further study with other ethnic groups is necessary to generalize the findings of our study.
In summary, BE symptoms were associated with suicide attempt in subjects with MDD. MDD with BE group had psychiatric comorbid conditions and sexual trauma history more frequently compared to MDD without BE group. Detailed evaluation on psychopathology including eating behavior and trauma history might lower suicide risk in MDD.
